• The vegetative state (VS) and minimal conscious state (MCS) patients in rehabilitation center have normal range of body mass index (BMI) and biochemical parameters, including hemoglobin, lymphocyte, albumin and cholesterol.
INTRODUCTION
Malnutrition is a common feature in hospitalized patients. It is prevalence ranges from 25% to 54% in hospital settings [1] . It occurs when nutritional intake fails to meet nutritional requirements [2] . Malnutrition is strongly related to adverse events such as pressure ulcer, aspiration pneumonia, urinary tract infection, and other morbidities, and it also increases the re-admission rates and financial burden of hospital care in terms of length of hospital-stay as well as mortality [3] . On the other hand, proper nutritional supplementation is associated with decreased incidence of pressure sores and other morbidities [4] . The European Society Parenteral and Enteral Nutrition (ESPEN) recommended that nutrition assessments should be carried out in all hospital settings for early detection of malnutrition [5] .
Multiple factors have been identified to cause malnutrition in cross-sectional studies. The following factors are associated with increase the risk of malnutrition: functional impairment, cognitive impairment, swallowing problem and receipt of nutritional intervention such as nasogastric tube (NGT) or percutaneous endoscopic gastrostomy (PEG) feeding [3] . The vegetative state (VS) and minimally conscious state (MCS) patients have several risk factors associated with malnutrition, and would be categorized into the high-risk group of malnutrition. Proper nutritional support is essential to VS and MCS patients for preventing complications. Moreover, as VS and MCS patients have difficulty in reporting their disease status and complications, objective nutrition assessment is more important in these patients.
Patients' history, anthropometric measurements and laboratory data are important parts for evaluating nutrition assessment [6] . Body mass index (BMI) as one of anthropometric measurements is a clinically available and objective variable with a fairly wide-spread use [7] . Biochemical parameters, such as hemoglobin, total lymphocyte count (TLC), albumin and cholesterol levels, are also objective measurements reflecting nutritional status [8] . The history and self-reported questionnaires to evaluate nutrition are not applicable to VS and MCS patients. In this regards, the objective evaluations including BMI and laboratory measurements could be more appropriate in these patients.
There are only few research studies of nutritional status in VS and MCS patients. The aims of this study are to investigate nutritional status in VS and MCS patients in rehabilitation hospital with the objective measurements, and to measure the correlation between the duration from onset and indices reflecting nutritional status in VS and MCS patients.
MATERIALS AND METHODS

Subjects
This study was conducted in chronic VS or MCS patients who had been admitted in this rehabilitation center for 14 months. Inclusion criteria of chronic VS or MCS were as followed: 1) history of severe brain injury (Glasgow coma scale < 8) more than 6 months ago, such as spontaneous hemorrhage, traumatic brain injury, ischemic stroke, and hypoxic brain damage; 2) fulfillment of the clinical diagnostic criteria of VS and MCS patients from onset; patients who had intermittent wakefulness indicated by eye-opening during sleep-wake cycles, patients who showed environment-contingent behavior, for example crying or smiling, but failed to produce any voluntary behavior [9] ; and 3) receipt of nutritional support by enteral feeding (NGT or PEG) with standard formulas (containing 14%-18% protein) at regular time. The feeding amount was prescribed according to nutrition assessment, usually 30 kcal/kg/day, after initial nutrition screening [10] . The risk group of malnutrition was consulted to dietitians. The prescribed enteral feeding was supplied at regular schedules. The protocol of this study was approved by the Ethics committee of Ewha Womans University Medical Center (IRB No. 2016-08-001-003).
Assessment
The nutrition assessment was performed, using BMI and biochemical measurements. BMI was calculated as weight (kg) divided by height squared (m 2 ). Body weight was measured with a calibrated lift scale in the morning, with the subjects lightly dressed. Height was measured from heel to top of head.
Venous blood was sampled and analyzed in the morning. Biochemical parameters, including hemoglobin, TLC, albumin, and cholesterol levels were also recorded [7] . Characteristics such as age, gender, duration from the onset and presence of sore at admission were also collected.
Statistical analysis
Statistical analyses were performed with SPSS for Windows, SPSS ® version 18.0 (SPSS Inc., Chicago, IL, USA).
The partial correlation coefficient was calculated between duration from onset and indices reflecting nutritional status such as BMI and biochemical analysis adjusted by age and gender [9] . Statistical significance was defined as p value less than 0.05.
RESULTS
Characteristics of the patients
A total of 37 chronic VS and MCS patients were included (males 23, females 14) in this study. The mean age was 58.14 ± 15.95 years, and the mean duration from onset was 29.59 months. Among the participants, 15 patients (40.54%) reported history of a spontaneous hemorrhage, 5 patients (13.51%) had a traumatic brain injury, 5 patients (13.51%) had an ischemic stroke, and 12 patients (32.43%) had a hypoxic brain damage. Only 3 patients (8.11%) had a sore with grade II or below at admission. All patients had received enteral nutrition; 16 patients (43.24%) had a NGT feeding, and 21 patients (56.76%) had placed a PEG for enteral nutrition (Table 1) . 
BMI and biochemical parameters
Correlation between duration from onset and nutritional status
The partial correlation coefficient was calculated between duration from onset and indices reflecting nutritional status controlled with age and gender. With age and gender adjusted, duration from onset had a positive correlation with BMI, and a negative correlation with cholesterol level (Table 3 ; Fig. 1 ). The partial correlation coefficient was 0.34 for duration from onset and BMI and −0.37 for duration from onset and cholesterol level in VS and MCS patients. On the other hand, the levels of hemoglobin, TLC and albumin did not have a significant correlation with duration from onset. 
DISCUSSION
We measured the subjects' BMI and biochemical parameters indicating nutritional status in VS and MCS patients. We found that BMI values of 64.86% VS and MCS patients were considered as normal. Only 4 patients (10.81%) were considered as underweight, 6 patients (16.22%) were overweight, and 3 patients (8.11%) were obese according to BMI.
In biochemical parameters, the mean values of biochemical parameters were within normal range of general population. Four patients had lower levels in hemoglobin and cholesterol levels, 5 patients in albumin level, and 12 patients in TLC level.
In this study, the NGT or PEG feeding with appropriate prescription and regular schedule could be considered as tolerable way to supply proper nutrition and energy intake in chronic VS or MCS patients. This result is consistent with the previous study in Italy by Montalcini et al. [11] . They reported that mean values of BMI (20 ± 3 kg/m 2 ), hemoglobin (12 ± 2 g/dL), and albumin (3.3 ± 0.4 g/dL) in chronic VS and MCS patients in Italy were within normal range of general population.
The benefit of early and adequate nutrition support was well known [12] . Lee et al. [13] suggested that early enteral feeding is important predictor of outcome in acute severe brain injured patients. Enteral feeding in acute critically ill patients could provide the appropriate doses of macro-and micronutrients to meet the measured needs and modulate the inflammatory response [14] . However, there are few studies about the impact of enteral feeding in chronic severe brain injured patients. This study showed that long-term enteral feeding could be a tolerable nutritional support in chronic VS and MCS patients. Each patient was received enteral feeding, with determining individual nutritional needs. Monitoring the adequacy of nutrient provision is important for preventing malnutrition, as individual patients' nutritional need vary with current and past nutritional state. The VS and MCS patients may have a possible perception of suffering [11] but lack of expression, monitoring the adequacy of nutritional status is markedly needed in these patients.
Anthropometric measurements such as lean body mass, body fat and height, and the BMI are affected by the age and gender [15] . In addition, the biochemical parameters also affected by these factors. Aging process can cause decline of serum albumin level and increase of cholesterol level [7] . The increased level of cholesterol is greater in men than women [7] . The mean value of hemoglobin is different depending on the gender [16] . We used partial correlation coefficient adjusted by age and gender.
The partial correlation coefficient showed that BMI had a statistically significant positive correlation with duration from onset. The longer the duration of enteral feeding is, the higher weight patients get, but not obese. The weight gain could be associated with lack of active exercise and increase of body fat mass. Previous studies reported that BMI may underestimate adiposity [17] , and it could be an imprecise indicator of fat-free mass depletion [18] . The VS and MCS patients might have severe loss of muscle mass [19] . The mid-arm circumference and calf circumference, known to be associated with the nutritional status in the general population [20, 21] , would be helpful analysis tools to consider muscle mass depletion and adiposity with BMI. Future study is needed to investigate more anthropometric parameters including mid-arm circumference and calf circumferences in VS and MCS patients. 
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There was also a significant negative correlation between duration from onset and cholesterol levels controlled with age and gender. Hypocholesterolemia has been also considered a reflection of low lipoprotein and thus of low visceral protein [7] . Decreased cholesterol levels has been associated with more complications such as nosocomial infection, in addition slightly increased in mortality [7, 22] . In this study, these patients had normal range of serum cholesterol level with negative correlation between duration from onset. It would be explained that balanced enteral feeding after severe brain injury decreased cholesterol levels and back to normal level. Further study is needed to verify that hypocholesterolemia occurs or cholesterol level stays within normal range after long-term enteral feeding.
This study has some limitations. First, the sample size was small. There was difficulty for generalizability, as 37 patients with the rarity of this clinical condition were included and all patients were recruited in a rehabilitation center. Second, there was gender imbalance; the ratio of males to females was 1.64 to 1. Third, in this study, other anthropometric parameters, such as mid-arm circumference and calf circumference, were not measured. If the midarm circumference and calf circumference had been measured, it would have been more helpful in expecting muscle mass change with long-term enteral feeding.
CONCLUSION
In this study, we found that the mean values of BMI, hemoglobin, TLC, albumin, and cholesterol levels are within normal ranges in VS and MCS patients. In addition, the duration from onset has a positive correlation with BMI, and a negative correlation with cholesterol level. This result suggests that regular and properly prescribed enteral nutrition could supply stable and appropriate nutrition for VS and MCS patients.
